Introduction
The main components of honey are various sugars. It is a difficult task to analyse the sugars of honey in detail, and suitable methods are still to be developed (e.g. DONER 1977) . However, the average composition of the world honeys is 15-26 % water, 22-54 % fructose and 20-54 % glucose, the remaining ca. 12 % consisting of oligosaccharides and other components (e.g. WHITE 1975 , DONER 1977 %, maltose 1.5 %, ratio fructose/glucose (F/G) 1.1, pH 3.8, free acid 1.8 meq/100 g, lactone 0.7 meq/100 g, total acidity 2.5 meq/100 g, formol number 0.51, nitrogen 0.05 %, protein precipitate (by phosphotungstic acid) 0.9 ml, hydroxymethylfurfural 0.3 mg %, diastase activity 25 and invertase activity 12. In general, honey is supersaturated with respect to glucose. As glucose is the crystallizing component, nearly all types of honey crystallize. According to WHITE et al. (1962) , the ratio glucose water (G/W) is the best indicator of the crystallization tendency of honey. PUROKOSKI and FORSIUS (see above) found that both the G/W and F/G ratios were connected with crystallization. On the other hand, CHANDLER et al. (1974) did not consider any of the generally used indices, G/W, F/G or (G-W)/F, to be useful as indicator of crystallization. HADORN and ZURCHER (1974) found the indices F/G and G/W unsatisfactory for over 40 % of their samples. TABOURET (1979) pointed out the importance of water activity in explaining crystallization.
MAURIZIO (1964) emphasized the connection of the sugar composition with the botanical origin of honey. POURTALLIER and TALIERCIO (1970) even considered the sugar spectrum to be more accurate than the pollen spectrum for determining the botanical origin of honey. RAVN et al. (1975) (1967, 1968) and GREENWAY et al. (1975) (1955) .
Ascorbic acid (C) was determined colorimetrically with Tillman's reagent; in addition to total ascorbic acid, the corrected ascorbic acid content was determined by formalin correction. Thiamine (B] ) was determined by the fluorometric tiochrome method and Decalso purification. Riboflavin (B 2) and niacin were determined microbiologically: B 2 with Lactobacillus casei and niacin with L. plantarum. The vitamin analyses were made by the Technical Research Centre of Finland.
Acidity was determined by NaOH-titration, diastase activity as described by WHITE et al. (1962) and hydroxymethylfurfural by the method of WINKLER (1955) . These analyses were made by the Soil Analysis Service Ltd.
Results
Of the total sugars, on an average 47-48 % was fructose, 44 % glucose and 8-10 % oligosaccharides. The ratio F/G was 1.1. DM averaged 82.4 % and pH 3.9 (Table 1) . The honey had generally already crystallized when examined in the autumn of the current year. The means of the five vitamin analyses were: ascorbic acid 2 700 /xg/100 g, thiamine 9 /xg/100 g, riboflavin 39 /ig/100 g and niacin 1 020 /t.g/100 g ( Table 2 ). The results concerning acidity, diastase activity and hydroxymethylfurfural are given in Table 3 . (Figs. 3-5) . Also, in both the years the southern samples were most strongly crystallized (Fig. 6, 1977 F(3, 86) (1982) . In 1978, the dry matter content of honeys produced by Italian bees was ca. 1 %-unit higher than the content of honeys produced by bees of mixed race or dark bees (Table 4) . Trifolium repens + T. hyhridum pollen (Table 5 ).
The proportion of oligosaccharides was more strongly correlated with the proportion of glucose than with the proportion of fructose:
In 1978, the proportion of glucose was highest in the well crystallized honeys (Fig. 7 , F(4, 63)=3.13**), and the proportion of oligosaccharides was (Fig. 8, F(4, 63) =5.02
:').
In 1978 also, both the Brassicaceae pollen count (Fig. 9, F(4, 63) =2.90*), and the total pollen count (Fig. 10, F(4, 63) =3.00*) were higher in the crystallized than in the liquid honeys. The ratios F/G, G/W or (G-W)/F did not vary statistically in respect of crystallization, but the ratio glucose/oligosaccharides did (Table 6 (Table 7) . (VARIS et al. 1982) . The honey containing Brassicaceae pollen will here be called rape honey.
The correlations of the Brassicaceae pollen count to glucose and oligosaccharides indicate that in rape honey the proportion of glucose is higher and the proportion of oligosaccharides lower than average. This result agrees with those of the earlier studies (PUROKOSKI and FORSIUS, unpublished, MAURIZIO 1959 , 1964 , POURTALLIER and TALIERCIO 1970 , RAVN et al. 1975 ).
The positive correlation between Brassicaceae pollen and crystallization indicates that the tendency of rape honey to crystallize is stronger than average. This agrees with reports of rapid crystallization of (turnip) rape honey (e.g. CRANE 1975 ). The 1977results can neither support nor disprove this conclusion, as only crystallized honeys were found.
As glucose is the crystallizing constituent of honey, the sugar composition can be supposed to regulate the tendency to crystallize. Accordingly, the correlations of glucose and oligosaccharides with crystallization may be assumed to indicate a causal relation. Hence, the heavy crystallization of rape honey is explained by its relatively high glucose content (or glucose/oligosaccharides ratio). MAURIZIO (1959) suggested that the crystallization of rape honey was caused by the low fructose/glucose ratio.
The total pollen count was positively correlated with the Brassicaceae pollen count (VARIS et al. 1982) , and hence with the proportion of rape honey. Thus, the correlation of the total pollen count with the composition and properties of honey were identical to the corresponding correlations of the Brassicaceae pollen count and were caused by the characteristics of rape honey. On the other hand, as pollen grains may function as crystallization initiators (WHITE 1978) , the high pollen count in rape honey may partly explain its tendency to crystallize.
In addition to rape honey, the data allow only a brief discussion of clover honey: If the presence of clover pollen is indicative of clover honey, its correlation with oligosaccharides suggests a higher than average content of oligosaccharides in clover honey. MAURIZIO (1959) reported that clover nectar contains more saccharose than average. RAVN et al. (1975) suggested that this is directly reflected in the sugar composition of clover honey. However, although the fructose/glucose ratio is low in the nectar of clover, it is relatively high, over one, in clover honey (MAURIZIO 1959) .
Crystallization indices
The ratios F/G, G/W and (G-W)/F did not explain the tendency to crystallize as well as the ratio glucose/oligosaccharides, which supports the proposal of CHANDLER et al. (1974) (VARIS et ai. 1982) .
The 1977 honeys were all crystallized when examined, and compared with the 1978 honeys, they had a high fructose and low oligosaccharide content. This agrees with earlier observations that honeys with a strong tendency to crystallize have a higher monosaccharide content than honeys in which this tendency is weak or lacking, and which have a higher oligosaccharide content (WHITE et al. 1962) . The explanation of the annual variation may be sought in the botanical origin. It also seems that variation in the composition of honey is caused by weatherinduced changes in the composition of nectar and by changes in the function and amount of enzymes secreted by bees.
